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For the past several years the USAF program in spacecraft power tech-
nology has concentrated on obtaining major improvements in solar cell
efficiency, solar array survivability, and secondary battery energyden-
sity. Because of the nature of USAF requirements in space and the limited
resources available for the technology program, these areas offered the
highest potential and the widest applicability. Further selectivity within
these categories resulted in major programs in gallium-arsenide solar cells,
nickel-hydrogen batteries, and radiation-resistant, high-temperature solar
array components. These programs have been quite successful with the
attainment of 18 percent GaAs solar cells, 15 W h/ib Ni-H 2 batteries, and
array systems capable of operating at 500 ° C in high nuclear radiation en-
vironments. Future programs in these areas promise even greater improve-
ments in these basic solar power system technologies.
Results of recent DOD space power studies show a trend towards higher
power levels for future DOD missions. Consequently, the major new thrusts
of the DOD space power technology program center on the development of mili-
tary power systems which will extend capabilities to the i00 kWe range by
the year 2000 for the new classes of missions, while maintaining technology
applicability to the 1 to i0 kWe present (and continuing) mission class.
Although NASA and COMSAT programs will provide space users with high power
capabilities, they do not satisfy all military requirements, and the devel-
opment of a high level, high-power-density survivable space energy tech-
nology is necessary. Plans call for technology, subsystem, and "integrated"
power system efforts which emphasize performance, reliability, autonomy, and
survivability. Distinct roles for both nuclear and solar power technology
are envisioned.
In the next 5 years several new technology areas will be added to the
baseline programs. Because of increasing military satellite power require-
ments and more complex spacecraft operations, efforts will be initiated to
improve spacecraft power processing and thermal management. As these ef-
forts mature, a program to integrate all technologies to provide high-power
total-system capabilities will be initiated.
This briefing summarizes the military spacecraft power subsystem design
requirements, development goals, and_planned technology efforts.
The mission drivers of performance (weight and volume), hardening (sur-
vivability), autonomy, reliability, and miniaturization influence space
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mission effectiveness, cost, and in some cases feasibility in both direct
and indirect fashions (fig. I). Power system technology is mission enhanc-
ing in some cases and mission enabling in others. Both classes must be
addressed in development efforts.
Survivability requirements are driven primarily by nuclear weapon and
laser weapon threats (fig. 2). Both hardening and other survivability tech-
niques (e.g., threat avoidance) are under consideration. Details of par-
ticular threats and survivability and/or hardening techniques are classi-
fied. Concentrating photovoltaic systems may find use for high threat en-
vironments, by virtue of the shielding of the cell affected by the optical
component s.
Increasing autonomy, that is, independence from ground station command
and control, is required of military space systems (fig. 3). Power autonomy
can be attained by self-management of power and fault processing, improved
performance, and enhanced reliability.
Reliability (fig. 4) is in itself an important design driver for mili-
tary space power systems. Military missions for LEO require 3- to 5-year
life, while the GEO mission requires a 7- to 10-year life.
Performance requirements for military applications generally fall with-
in the I to 5 kWe regime for early applications (1980 to 1985) and may
grow to the 25 to 50 kWe range for some advanced surveillance applications
in the 1985 to 1995 period (fig. 5). Isotope dynamic systems may find use
for some special purpose applications (e.g., high hardness). Future high
power applications may dictate development of a reactor power system for
higher power.
Figure 6 shows the anticipated performance improvement trends for solar
power systems obtainable via technology transition from present photovoltaic
and battery types to more advanced devices. Major reductions in solar array
weight will be realized through cell efficiency improvements via silicon to
gallium arsenide to multibandgap cell transitions. Energy storage weight
reductions will be placed by transition from nickel-cadmium to nickel-
hydrogen to high-energy-density molten salt battery technology.
Figure 7 illustrates anticipated performance versus power level trends
for reactor-static conversion systems. The technology for heat-pipe-cooled
reactor thermoelectric systems could be system ready by early 1990's if
development and qualification resources are invested in the 1980's. Higher
temperature, higher performance reactor thermionic systems based on the same
heat-pipe-cooled core to converter concept could yield energy densities of
50 W/Ib or more, as compared with 25 W/ib for solar power, depending on the
specific design concept and energy conversion scheme. Presently, DOE and
NASA are pursuing only limited component technology development programs;
major resource investments are required beyond the modest levels presently
being invested if reactor power systems are to be prototyped and flight
qualified and to become operational. The thrust of the high power missions
for the 1980-2000 period may give impetus to enhance development. The
nuclear reactor power system's projected energy density, inherent compact-
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ness, and probable ruggedness make it an ideal candidate for high power
military applications requiring maneuverability, survivability, and long
life.
The present Air Force power system R&D thrust is shown in figure 8. It
encompasses basic (6.1), exploratory (6.2), and advanced development (6.3)
in solar photovoltaics, metal gas batteries (e.g., Ni-H2) , and systems
level power processing and thermal control. Coordination with DOE on reac-
tor state of technology and applicability to military missions is also pur-
sued.
Figure 9 shows a composite space power technology 6.1, 6.2, and 6.3
resource expenditure plan for the FY 1980-86 period. The Vanguard mission
areas listed are those approved or advanced systems concepts which are
anticipated users of this technology.
Figure I0 lists ongoing and planned development work unit tasks in the
solar cell/array area. Major future thrusts are in GaAs and the multi-
bandgap area.
The impact of this advanced array area is shown in figure ii, which
compares conventional 8-mil silicon 5-mil coverglass flexible array weight
and deployed area with improvements anticipated with advanced cell types.
Individual array hardening tasks against nuclear, laser, and particle
beam type threats are shown in figure 12. Laser hardening of solar arrays
is currently being pursued by the AFWAL Aero Propulsion Laboratory and the
Materials Laboratory under both 6.2 and 6.3 (SMATH) programs.
Figure 13 shows the work unit breakout and time oriented development
goals for battery technology. The major emphasis within the Air Force is in
Ni-H2 technology, now under advanced development. More advanced high-
energy-density-battery (HEDB) concepts are presently being explored under
6.2 efforts and will enter advanced development in FY 1983.
The combined effects of improved array and battery performance is
illustrated in figure 14. The shaded area represents the schematic weight
decrease attainable in transitioning from Ni-Cd to Ni-H 2 and to higher
performance, molten electrolyte batteries.
The tasks associated with thermal control and high power management,
and their objectives are shown in figure 15. Thermal energy storage con-
cepts could be used for heat driven cryocoolers. Thermal management and
power processing for high power systems represent formidable outyear goals.
The evolving military space mission requirements are described in fig-
ure 16. Military operational uses of space were quite limited in the early
1960's. During the 1980's space will become an increasingly important mili-
tary theater and by the turn of the Gentury an important and vital segment
of military communications, command, control, and force assessment. The
future military use of near-Earth space will be to support and defend evolv-
ing civilian and military operations in space and to conduct traditional
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military functions supporting national defense objectives. Current and
envisioned mission areas and functions in the mission categories of
communication, surveillance, space operations, and defense impact power
technology requirements.
Figure 17 illustrates a conceptual design for a space based radar (SBR)
system. Several design alternatives are presently being studied by the Air
Force, including a nuclear reactor powered configuration. National security
requires surveillance inspection and monitoring of an adversary's weapon
forces and their movements; this surveillance mission focuses on detection
and attack warning. Power levels of approximately I0 to i00 kW are envi-
sioned for radar and LWIR systems, due primarily to the need for active cry-
ogenic cooling of the sensor.
The envisioned power requirements range as a function of IOC are shown
in figure 18. The mission requirements and planned spacecraft developments
give rise to both evolutionary and revolutionary power system design re-
quirements. These requirements include life, performance, reliability, sur-
vivability, availability, and cost. The requirements may be divided into
two major need categories, low power (evolutionary needs) and high power
(revolutionary needs). All six of the power system design requirements are
strongly influenced by the operational orbits of interest. Military orbits
of interest include low Earth (400 to 600 m), both inclined and polar, half
synchronous, synchronous, elliptical, and supersynchronous orbits. Interest
in the later two orbit categories is based on their survivability advant-
ages. The variety of orbits give rise to a variety of natural radiation
dosages, a wide range of solar and eclipse conditions, diverse ambient
thermal radiation environments, and a variety of potential weapons threat
environments which must be addressed by the system designers.
The areas of common technical needs for the Air Force and NASA are
summarized in figure 19. The growth towards 25 to 50 kW after 1985 seems
certain. The NASA high power missions will likely center on large communi-
cation satellite applications; the military applications by surveillance
missions. Both agencies must address STS-spacecraft design compatibility;
throw weight to all but a few LEO's remains a design problem, hence a driver
for high performance power systems. Improved array efficiency and energy
storage density pace these performance needs. Reliability, life, power
conditioning, and component weight introduce new performance requirements
for high power systems which remain to be explored.
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